Introduction {#S0001}
============

Thyroid cancer develops from the tissues of the thyroid gland. It is the most common endocrine malignancy with 300,000 new cases per year worldwide, and 40,000 deaths per year approximately.[@CIT0001],[@CIT0002] Papillary thyroid cancer (PTC) is the most common type of thyroid cancer, comprising 80% of all cases.[@CIT0003] The incidence of PTC continues to rise worldwide.[@CIT0004] Currently, therapeutic options for thyroid cancer include surgery, thyroid hormone replacement and radioactive iodine ablation.[@CIT0005] Although PTC is associated with a generally favorable prognosis, about 15% of patients present recurrence and distant metastasis in the next decade leading to death.[@CIT0006],[@CIT0007] With the deepening of research for thyroid cancer, we recognize that the main cause of PTC is the dysregulation of many tumor-related genes.[@CIT0008] Therefore, the molecular mechanisms underlying the progression and metastasis of PTC still require intensive study.

The angiopoietin-like protein 4 (ANGPTL4) belongs to angiopoietin-like protein family. ANGPTL4 is secreted to circulation and regulates lipid metabolism via inhibiting lipoprotein (LPL). ANGPTL4 is produced by a variety of cells, including hepatocytes,[@CIT0009] adipocytes,[@CIT0010] skeletal muscle,[@CIT0011] macrophages,[@CIT0012] epithelial cells[@CIT0013] and so on. It is reported that ANGPTL4 promotes the migration and differentiation of endothelial cell, leading to the formation of new blood vessels.[@CIT0014],[@CIT0015] The expression of ANGPTL4 was increased in several solid tumors such as osteosarcoma,[@CIT0016] gastric cancer,[@CIT0017] renal cell carcinoma,[@CIT0018] non-small cell lung cancer,[@CIT0019] cervical cancer[@CIT0020] and so on compared with corresponding paracancerous tissues. ANGPTL4 was identified as pro-tumorigenic protein, including stimulating tumor cell growth and proliferation, promoting tumor metastasis.[@CIT0021] However, the clinical significance and biological function of ANGPTL4 in PTC are still unclear.

The mutations in the BRAF and RAS genes resulted in excessive activation of the mitogen-activated protein kinase (MAPK) pathway, which is an important oncogenic driver for PTC.[@CIT0022] Moreover, studies have revealed that phosphoinositide 3-kinase AKT (PI3K-AKT) pathway also drived carcinogenesis of PTC.[@CIT0023] Cell proliferation plays an important role in tumor progression and prognosis. Activation of PI3K-AKT signaling pathway results in high cell proliferation and vascularity.[@CIT0024] And abnormal activation of the PI3K-AKT pathway is crucial in initiation and progression of thyroid cancer.[@CIT0025] Therefore, in the present study, we investigated the different expression levels of ANGPTL4 in PTC, para-cancerous tissue and normal thyroid. We assessed the effect of ANGPTL4 on PTC cell proliferation and explored possible mechanism mediated by AKT pathway. This study will help to provide fundamental information as to its suitability as a target for the treatment of PTC.

Methods {#S0002}
=======

Data Sets Collection and Thyroid Cancer Patient Samples {#S0002-S2001}
-------------------------------------------------------

We obtained 32 pairs of papillary thyroid carcinoma and adjacent normal thyroid tissue from thyroidectomy conducted at the Luhe Hospital Capital Medical University between January 2016 and January 2017. All these confirmed thyroid cancer tissues and their adjacent normal thyroid tissues were embedded in paraffin wax. The clinicopathologic characteristics of patients with thyroid cancer are shown in [Table 1](#T0001){ref-type="table"}. Ten fine needle aspiration thyroid samples (6 cases of benign thyroid node and 4 cases of malignant PTC) were collected for RNA-Seq and stored at −80°C. The clinical information is shown in [Table 2](#T0002){ref-type="table"}. All patients in this study underwent histologic diagnoses. Tumors were staged based on the guidelines of the 7th edition of the American Joint Committee on Cancer Tumor-Node-Metastasis (AJCC-TNM) staging system. The clinical characteristics of patients were extracted from medical records. The research was approved by the Research Ethics Board of Luhe Hospital Capital Medical University and was carried out according to the World Medical Association Declaration of Helsinki. All patients included in the protocol signed a declaration of informed consent.Table 1Clinicopathologic Characteristics of Patients with Thyroid CarcinomaVariableNo.No. of patients32Age (mean±SD) (in years)47.75±15.93Gender Male7 Female25Size(cm) ≦525 \>57 T Stage T123 \>T19Lymph Node Metastasis N021 N111Stage I17 \>I15 Table 2Characteristics of Patients with Fine Needle Aspiration for Thyroid NoduleNumberGenderAgeTissue Type1Female67Benign2Female62Benign3Female16Benign4Female72Benign5Male51Benign6Female40Benign7Male78PTC8Female57PTC9Female36PTC10Male43PTC[^2]

In addition, The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus (GEO) dataset were used in this study. The mRNA expression data (RNA Seq v2) and clinical information for thyroid cancer patients in TCGA data set were downloaded from [<https://www.synapse.org>]{.ul} and cBioPortal database ([[www.cbioportal.org](http://www.cbioportal.org)]{.ul}), respectively. The dataset GSE3467 with information on mRNA expression form GEO ([<http://www.ncbi.nlm.nih.gov/geo/>]{.ul}) was used to analyze ANGPTL4 expression level.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Cell was purchased from the National Infrastructure of Cell Line Resource (Beijing, China). TPC-1 and BCPAP thyroid cancer cells were cultured in RPMI 1640 medium (Gibico, USA), with 10% FBS (Gibico, USA) and 1% penicillin/streptomycin in a 37°C/5% CO~2~ incubator. Cell transfection was performed with Lipofectamine 2000 (Thermo Fisher--Invitrogen, USA) according to manufacturer's instructions. Cells were transfected with ANGPTL4 small interfering RNA duplexes (Santa Cruz, USA) to decrease the level of ANGPTL4. Full-length cDNA encoding human ANGPTL4 were cloned into the vector GV366 plasmid (Shanghai Genechem Co., Ltd) with an HA-tag. Cells were transfected with HA-ANGPTL4 to increase the level of ANGPTL4. The cells were treated with 10% FBS at 37°C for indicated times. For stimulation of AKT signaling, cells were maintained in serum-free medium (Life Technologies, Inc., Carlsbad, CA, USA) for 24 hrs followed by stimulation with FBS at 37°C for 15 min.

Western Blot {#S0002-S2003}
------------

Cells were harvested in sodium dodecyl sulfate (SDS) sample buffer. Equal amounts of proteins were separated by using 10% SDS-PAGE system, transferred onto the polyvinylidene fluoride membrane (Millipore, USA). The membranes were blocked with 5% non-fat dried milk. Then, the membrane was blotted with the primary antibodies: anti-ANGPTL4 antibody (1:1000, Santa Cruz, USA), the polyclonal rabbit anti-HA antibody (1:1000, MBL, Japan), Anti-AKT and anti-phospho-AKT (Ser473) (1:1000, Cell Signaling Technology, Danvers, MA, USA), anti-GAPDH antibody (1:3000, ZSGB-BIO, China), diluted with 1% non-fat dried milk in TBST. After washed with TBST, the membranes were incubated with horseradish peroxidase (HRP)-conjugated secondary antibody (1:3000, ZSGB-BIO, China). The membranes were washed with TBST and scanned by ChemiDoc XRS+ chemiluminescence imaging system (Bio-Rad, USA). Each examination was tested in triplicate, and GAPDH was served as the internal reference.

Proliferation Assay {#S0002-S2004}
-------------------

Cell Counting Kit-8 (CCK8) assay was performed to detect the cell proliferation rate. The cells were seeded at a density of 2000 cells/well into 96-well plates. Plates were then incubated for 0, 24, 48, 72, 96 and 120 hrs and viable cells were analyzed with Cell Counting Kit-8 (Dojindo, Kumamoto, Japan) by using an Enspire microplate reader (Perkin Elmer, Waltham, MA, USA) at 450 nm.

Cell Cycle Analysis {#S0002-S2005}
-------------------

Cells were fixed for overnight in ethanol at 4°C, and then incubated with propidium iodide for 10 min. Flow cytometry (BD Biosciences, San Jose, CA, USA) analysis was used to detect cell cycles. ModFit software was used to analyze the data.

Immunohistochemistry {#S0002-S2006}
--------------------

Samples were subjected to standard deparaffinization, rehydration, and antigen retrieval for immunohistochemical staining. The slides were incubated with primary antibody against ANGPTL4 (LS-C331822, Life Span Bio Sciences, Inc). The staining score for primary tumor and adjacent normal tissue was recorded separately. The percentage of immunostaining and the staining intensity (0, negative; 1+, weak; 2+, moderate; and 3+, strong) were recorded. An H-score was calculated using the following formula: H-SCORE=∑ (PI×I) = (percentage of cells of weak intensity ×1)+(percentage of cells of moderate intensity ×2)+percentage of cells of strong intensity ×3). The maximum H-score would be 300, corresponding to 100% of cells with strong intensity.

Gene Set Enrichment Analysis {#S0002-S2007}
----------------------------

The ANGPTL4 expression levels of genes were analyzed using Gene Set Enrichment Analysis. The gene sets were obtained from Molecular Signatures Database from the Broad Institute ([<http://software.broadinstitute.org/gsea/msigdb>]{.ul}). Tests were performed by using the default settings, and permutations number was set at 1000. False discovery rate \<0.25 was considered statistically significant.

Cell Apoptosis, Wound-healing, Transwell, and Enzyme-Linked Immunosorbent Assays {#S0002-S2008}
--------------------------------------------------------------------------------

The cell apoptosis, wound-healing, Transwell, and enzyme-linked immunosorbent assay methods are detailed in the [[Supplementary methods](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}.

Statistical Analysis {#S0002-S2009}
--------------------

Statistical analyses were performed using the SPSS 18.0 (SPSS Inc, Chicago, IL, USA). Results are described with mean±SD. The protein and mRNA expression levels from paired clinical samples were analyzed by two-tailed paired Student's *t*-test. The mRNA levels of ANGPTL4 in stages in TCGA dataset were analyzed by one-way ANOVA. Cell proliferation curve was analyzed by repeated measurement ANOVA. Two-tailed unpaired Student's *t*-test was used to determine the other results of statistical significance. Statistical significance was accepted for p\< 0.05.

Results {#S0003}
=======

ANGPTL4 Is Highly Expressed in Thyroid Cancer Compared with Adjacent Normal Thyroid Tissue {#S0003-S2001}
------------------------------------------------------------------------------------------

The expression of ANGPTL4 in human PTC tissues and adjacent noncancerous tissues was showed by immunohistochemistry (IHC) ([Figure 1A](#F0001){ref-type="fig"}). According to our IHC scoring system, ANGPTL4 IHC score for 32 cases of cancer was 156.9±3.184, and the score for 32 cases of adjacent normal thyroid tissue was 140.5±6.539. The data revealed that ANGPTL4 expression was upregulated in PTC tissues compared with adjacent noncancerous tissues ([Figure 1B](#F0001){ref-type="fig"}, p=0.0076). Next, we detected the mRNA level of ANGPTL4 for fine needle aspiration thyroid samples (6 cases of benign thyroid node and 4 cases of malignant PTC) by RNA-seq analysis. It was showed that ANGPTL4 mRNA was increased in maligant thyroid cancer comparing with benign thyroid tissue (Benign vs Maligant: 11.83±9.326 vs 1125±902.8, p=0.0143) ([Figure 1C](#F0001){ref-type="fig"}).Figure 1ANGPTL4 is highly expressed in thyroid cancer compared with adjacent normal thyroid tissue. (**A**) Representative images of ANGPTL4 immunohistochemical staining in thyroid cancer and its adjacent tissue. Scale bars, 200 μm and 50 μm. H&E, hematoxylin and eosin. (**B**) ANGPTL4 protein levels in 32 human thyroid cancer and its adjacent tissue were analyzed by immunohistochemistry, p\<0.0001. (**C**) ANGPTL4level increased in thyroid cancer compared with begin thyroid tissue according to RNA-Seq. (**D**) ANGPTL4 expression level was up-regulated in thyroid cancer tissues compared with matched adjacent normal tissues in GEO dataset. (**E**) ANGPTL4 expression in thyroid cancer (N = 501) and normal thyroid tissues (N = 58), p\<0.0001. Data were obtained from TCGA dataset. (**F**) ANGPTL4 expression level was upregulated in thyroid cancer tissues compared with matched adjacent normal tissues in TCGA dataset.

To further verify the findings, the mRNA level of ANGPTL4 in thyroid cancer and adjacent normal thyroid tissues were analyzed with GEO datasets and TCGA's RNA-seq data of thyroid cancer patients. There were 9 paired thyroid cancer tissues and adjacent cancer tissues in GSE3467 datasets. Data from GSE3467 datasets showed that ANGPTL4 mRNA expression level was obviously upregulated in thyroid cancer tissues compared with adjacent non-tumor thyroid tissues ([Figure 1D](#F0001){ref-type="fig"}, p=0.0228). TCGA dataset contained 58 normal thyroid and 501 thyroid cancer. Analysis of ANGPTL4 mRNA level from TCGA dataset confirmed that ANGPTL4 was significantly higher in thyroid cancer tissues than normal thyroid tissues ([Figure 1E](#F0001){ref-type="fig"}, p\<0.0001). Further analysis of ANGPTL4 mRNA levels in the paired thyroid cancer and adjacent normal thyroid tissues showed ANGPTL4 was obviously upregulated in thyroid cancer tissues compared with their paired adjacent non-tumor thyroid tissues ([Figure 1F](#F0001){ref-type="fig"}). ANGPTL4 is the protein secreted into circulation. Therefore, we analyzed the serum level of ANGPTL4 between thyroid nodule and thyroid cancer patients by ELISA, and found that there was no significant difference in serum level of ANGPTL4 between thyroid nodule and thyroid cancer patients ([[Supplemental Figure 1](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}). It was suggested that ANGPTL4 in local thyroid tissue rather than in circulation played an important role in thyroid cancer.

ANGPTL4 Expression Increases According to Thyroid Tumor Progression {#S0003-S2002}
-------------------------------------------------------------------

To explore the clinical relevance of ANGPTL4 in thyroid cancer development, the correlation between ANGPTL4 expression levels and tumor stages was evaluated. We analyzed the ANGPTL4 protein level, which was detected using H-score system for IHC in different stages of thyroid cancer patients. The patients of stage Ⅱ and Ⅲ were combined in one group due to the small number in each stage. The results showed that ANGPTL4 protein level was higher in the advanced stage of thyroid cancer than in stage Ⅰ ([Figure 2A](#F0002){ref-type="fig"}, p=0.0440). We further analyzed the level of ANGPTL4 mRNA in different stages of patients with thyroid cancer by using TCGA dataset. The results showed that along with the increase of thyroid tumor stage, ANGPTL4 mRNA expression level increased accordingly ([Figure 2B](#F0002){ref-type="fig"}, p=0.0283, one-way ANOVA and Tukey's multiple comparison test). Moreover, ANGPTL4 mRNA from normal thyroid and different stages (I/II, III/IV) of thyroid cancer were divided into ANGPTL4 high/low expression groups based on the median values of ANGPTL4, respectively, and we found the ratio of ANGPTL4 high expression (white column) was increased according to the severity of thyroid cancer ([Figure 2C](#F0002){ref-type="fig"}). These data indicate that ANGPTL4 expression is associated with advanced tumor stage.Figure 2ANGPTL4 expression increases according to thyroid tumor progression. (**A**) Advanced tumor stages are associated with higher ANGPTL4 protein levels by immunohistochemical staining, p\<0.05. (**B, C**) ANGPTL4 mRNA expression level increased accordingly with the increase of thyroid tumor stage.

ANGPTL4 Increases Cell Proliferation of Thyroid Tumor {#S0003-S2003}
-----------------------------------------------------

ANGPTL4 has been widely found to regulate proliferation of various cells. We found that ANGPTL4 was significantly increased in the group with the maximum diameter greater than 2.5 cm in TCGA dataset ([Figure 3A](#F0003){ref-type="fig"}, p=0.0181).To investigate the correlation between the levels of ANGPTL4 and proliferation signaling in thyroid cancer, data from TCGA dataset were further divided into high/low ANGPTL4 expression groups and then analyzed using gene set enrichment analysis (GSEA) method. The results showed that gene signatures of proliferation were enriched in patients with high level of ANGPTL4 ([Figure 3B](#F0003){ref-type="fig"}). Furthermore, we found that ANGPTL4 protein level measured with immunohistochemistry in 32 cases of thyroid cancer was positively correlated with the tumor size ([Figure 3C](#F0003){ref-type="fig"}, r=0.4017, p=0.0251). In order to confirm the role of ANGPTL4 in thyroid cancer cell proliferation, the TPC-1 thyroid cancer cells were transfected with ANGPTL4 expression constructs, and the overexpression or knock-down of ANGPTL4 was confirmed by Western blotting, separately ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). Then, cell viability was measured, the ANGPTL4 overexpression cells were cultured in 96-well plates and stained with CCK8 at 24, 48, 72, 96 and 120 hrs. The results showed that the TPC-1 cell proliferation increased in ANGPTL4 over-expressed cells ([Figure 3D](#F0003){ref-type="fig"}, p\<0.0001). By contrast, ANGPTL4 knock-down in TPC-1 cells led to decreased cell proliferation as judged by the CCK8 viability assays at 72 hrs ([Figure 3E](#F0003){ref-type="fig"}, p\<0.0001).Figure 3ANGPTL4 increases cell proliferation of thyroid tumor. (**A**) ANGPTL4 was significantly increased in the group with the maximum diameter greater than 2.5 cm. (**B**) The gene signatures of cell proliferation (GO_REGULATION_OF_EPITHELIAL_CELL_PROLIFERATION) were enriched with subgroup of ANGPTL4-Higher expression. False discovery rate (FDR) gives the estimated probability that a gene set with a given normalized ES (NES) represents a false-positive finding; FDR \< 0.25 is an accepted cutoff for the identification of biologically significant gene sets. (**C**) ANGPTL4 protein level was positively correlated with the tumor size. (**D**) ANGPTL4 overexpression enhanced cell proliferation of TPC-1 cells by CCK-8 assays. Overexpression of ANGPTL4 in TPC-1 cells was verified by Western blot analysis; GAPDH was used as a loading control. (**E**) ANGPTL4 knockdown significantly inhibited cell viability of TPC-1 cells. Cells were cultured in 96-well plates and stained with CCK8 at 72 h. (**F**) ANGPTL4 overexpression enhanced cell proliferation of BCPAP cells. Overexpression of ANGPTL4 in BCPAP cells was verified by Western blot analysis; GAPDH was used as a loading control. (**G**) ANGPTL4 knockdown significantly inhibited cell viability of BCPAP cells.

To clarify the effect of promoting cell proliferation is not the cell line specific, another PTC cell line BCPAP was obtained. BCPAP cells were transfected with an expression construct carrying ANGPTL4 cDNA. After 48 hrs' transfection, the level of ANGPT4 was confirmed by Western blotting ([Figure 3F](#F0003){ref-type="fig"}). ANGPTL4 over-expressed cells were cultured in 96-well plates and stained with CCK8 at 0, 24, 48, 72 and 96 hrs. We found that overexpression of ANGPT4 promoted the proliferation in BCPAP cell ([Figure 3F](#F0003){ref-type="fig"}, p\<0.0001). By contrast, ANGPTL4 knock-down in BCPAP cells led to decreased cell viability as judged by the CCK8 assays at 72 h ([Figure 3G](#F0003){ref-type="fig"}, p=0.0229). The TPC-1 thyroid cancer cells were transfected with ANGPTL4 expression plasmid, and then the cell migration, cell invasion and cell apoptosis were investigated. The results showed overexpression of ANGPTL4 had no effect on thyroid cancer cell migration, invasion and cell apoptosis ([[Supplemental Figure 2A--C](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}). These data confirmed that ANGPTL4 expression promoted thyroid cancer cell proliferation.

To explore the possible mechanism of ANGPTL4 promoting cell proliferation, we further investigated the effect of ANGPTL4 on cell cycle progression using flow cytometry. As shown in [Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}, after overexpression of ANGPTL4, the percentage of TPC-1 cells in G0/G1 phase significantly decreased from 57.08% to 55.01% (p=0.0003), whereas the distribution of cells in S phase increased from 37.00% to 46.81% (p=0.0087). To clarify the effect observed is not the cell line specific, we obtained another PTC cell line BCPAP. ANGPTL4 was overexpressed in BCPAP cells and we received a consistent result ([Figure 4C](#F0004){ref-type="fig"}, p=0.0193 and [D](#F0004){ref-type="fig"}, p=0.0193). These data demonstrated that overexpression of ANGPTL4 promoted cell cycle arrest at G1/S checkpoint and decreased cell cycle arrest at G0/1 checkpoint in thyroid cancer cells. Taken together, ANGPTL4 promoted cell growth and inhibited cell cycle arrest of thyroid cancer cells.Figure 4ANGPTL4 inhibited cell cycle arrest of thyroid cancer cells. (**A, B**) ANGPTL4 overexpression inhibited cell cycle arrest at G0/1 checkpoint in TPC-1 cells. (**C, D**) ANGPTL4 overexpression inhibited cell cycle arrest at G0/1 checkpoint BCPAP cells. Cell cycle analysis was performed using flow cytometry.

ANGPTL4 Promoted AKT Activation and AKT-Mediated Proliferation in Thyroid Cancer {#S0003-S2004}
--------------------------------------------------------------------------------

The molecular mechanisms underlying ANGPTL4 promotion of thyroid cancer cell proliferation were studied. It is reported that MAPK and PI3K-AKT pathways drived carcinogenesis of PTC, and which could regulate cell proliferation. As we analyzed the activation of AKT signaling by GSEA, gene signatures of AKT signaling were enriched in malignant in comparison with benign ([Figure 5A](#F0005){ref-type="fig"}). Furthermore, the expression levels of pAKT in cancer tissue and adjacent tissue were measured by IHC, from which pAKT IHC score for cancer was 129.4±9.641, and the score for normal was 95.20±7.594 ([Figure 5B](#F0005){ref-type="fig"}, p=0.0001). And we found ANGPTL4 protein level was found significantly positively correlated with pAKT expression level ([Figure 5C](#F0005){ref-type="fig"}, r=0.5899, p\<0.0001). We also measured the expression level of pERK1/2 in PTC tissues and adjacent tissues by IHC followed H-score analysis. But we found that ANGPTL4 protein level was not related with pERK1/2 expression level ([[Supplemental Figure 3](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}). Next, we further investigated the effect of ANGPTL4 knockdown in the activation of AKT signaling in thyroid cancer cell. TPC-1 cells transfected with siNC/siANGPTL4 were treated with serum-free medium for 24 hrs followed by stimulation with FBS. The results showed that down-expression of ANGPTL4 led to inhibition of the expression of phosphorylated AKT ([Figure 5D](#F0005){ref-type="fig"}, p=0.0145). These results confirmed that ANGPTL4 promoted AKT activation in thyroid cancer.Figure 5ANGPTL4 promoted AKT signaling activation and AKT-mediated proliferation in thyroid cancer. (**A**) Gene signatures of AKT signaling were enriched in thyroid cancer (n=4) in comparison with normal thyroid tissues (n=6) by GSEA plots. (**B**) pAKT protein levels in thyroid cancer and its adjacent tissue were analyzed by immunohistochemistry, p=0.0001. (**C**) ANGPTL4 protein level was positively correlated with pAKT protein level. (**D**) The phosphorylation of AKT was analyzed with anti-phospho-AKT antibody and normalized with the levels of AKT in Western blotting. (**E**) AKT inhibitors abolished the promotion effect of ANGPTL4 on cell proliferation. (**F**) The gene signatures of AKT signaling (PID_PI3KCI_AKT_PATHWAY) were enriched with subgroup of ANGPTL4-Higher expression.

In order to understand the role of ANGPTL4 in AKT-mediated proliferation, TPC-1 cells were transfected with HA-vector or HA-ANGPTL4, and then cultured for 1, 2 or 3 days for CCK8 proliferation assay. Consistent with the results in front, ANGPTL4 promoted the proliferation of thyroid cell ([Figure 5E](#F0005){ref-type="fig"}, p=0.0182). However, the proliferation rate of ANGPTL4 overexpressed cells in groups treated with AKT inhibitor was similar as compared with the TPC-1-HA-vector cells with AKT inhibitor, suggesting AKT inhibitors abolished the promotion effect of ANGPTL4 on cell proliferation ([Figure 5E](#F0005){ref-type="fig"}, p=0.3132). Next, we analyzed the correlation of AKT activation and ANGPTL4 expression in clinical samples in TCGA dataset by GSEA, and the result showed the gene signature of AKT activation was enriched in ANGPTL4 high-expression group ([Figure 5F](#F0005){ref-type="fig"}). These findings suggested that ANGPTL4 promoted AKT activation and AKT-mediated proliferation of thyroid cancer cell.

Discussion {#S0004}
==========

Previous studies demonstrated that ANGPTL4 was associated with a variety types of cancers such as osteosarcoma,[@CIT0016] gastric cancer,[@CIT0017] renal cell carcinoma,[@CIT0018] non-small cell lung cancer,[@CIT0019] and cervical cancer,[@CIT0020] and played pivotal roles in tumor growth, proliferation and metastasis.[@CIT0021] ANGPTL4 was identified as a factor of lipid metabolism and angiogenesis which could be regulated by the nuclear hormone receptors PPARs, hypoxic conditions, fasting, and transforming growth factor β.[@CIT0026]--[@CIT0029] More importantly, ANGPTL4 was suggested to be a novel diagnostic and prognostic biomarker for patients with renal cell carcinoma or cervical cancer.[@CIT0020],[@CIT0030] However, no reports have investigated the role of ANGPTL4 in PTC. Therefore, this study further explores the possibility of ANGPTL4 as a potential molecular target for thyroid cancer treatment.

In this study, we first evaluated the clinical significance of ANGPTL4 in PTC. We observed an obvious up-regulation of ANGPTL4 in 32 cases of human PTC tissues compared with adjacent noncancerous tissues by immunohistochemistry. Meanwhile, we collected 10 samples of thyroid cells for fine-needle aspiration cytology (4 patients of stage I PTC and 6 cases of benign thyroid tissues) and found that mRNA level of ANGPTL4 was increased in PTC. The mRNA level of ANGPTL4 was elevated in thyroid cancer compared with their adjacent tissues in TCGA's RNA-seq data and GEO datasets of thyroid cancer patients. ANGPTL4 protein expression level as well as mRNA level increased accordingly with the increase of thyroid tumor stage. In addition, the gene signatures of proliferation were enriched in patients with high levels of ANGPTL4 using gene set enrichment analysis (GSEA) method. ANGPTL4 mRNA level was significantly increased in the group with the maximum diameter greater than 2.5 cm compared with the maximum diameter less than 2.5 cm in TCGA dataset. ANGPTL4 protein level was positively correlated with the tumor size in 32 cases of human PTC tissues. Furthermore, overexpression of ANGPTL4 promoted PTC cell proliferation, and knockdown of ANGPTL4 by siRNA inhibited PTC cell proliferation, and the mechanism of ANGPTL4 regulating PTC cell proliferation was ANGPTL4 inhibited cell cycle arrest of PTC cells. In addition, the gene signatures of AKT activated signaling were enriched in PTC in comparison with benign thyroid disease in 10 samples of thyroid cells for fine-needle aspiration cytology. ANGPTL4 protein level was significantly positively correlated with pAKT level in PTC tissue and adjacent tissue measured by IHC. Then, knockdown of ANGPTL4 by siRNA inhibited the phosphorylation of AKT in PTC cells. Moreover, overexpression or knockdown of ANGPTL4 increased or inhibited PTC cell proliferation. The gene signatures of PI3K-AKT signaling were enriched in patients with high levels of ANGPTL4 using gene set enrichment analysis (GSEA) method.

Our findings demonstrated that ANGPTL4 was increased in PTC compared with adjacent noncancerous tissues. The expression of ANGPTL4 was increased in several solid tumors compared with corresponding paracancerous tissues. Hypoxia is common in solid tumors. Moreover, studies have shown that hypoxia was an independent prognostic factor for malignant tumors.[@CIT0031] It was reported that hypoxia-inducible factor-1α (HIF-1α) gene expression was increased during hypoxic conditions in tumors, including PTC.[@CIT0032] Furthermore, ANGPTL4 is known to be a gene induced by hypoxia. Studies have shown that HIF-1α directly up-regulated the expression of ANGPTL4 in hepatocellular carcinoma cells.[@CIT0033] We analyzed the correlation between ANGPTL4 and HIF-1α in thyroid cancer. Consistent with previous results, we found that HIF-1α mRNA level was increased in thyroid cancer compared with normal in TCGA ([[Supplemental Figure 4A](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}). Furthermore, the level of ANGPTL4 was positively correlated with the level of HIF1A in thyroid cancer in TCGA ([[Supplemental Figure 4B](https://www.dovepress.com/get_supplementary_file.php?f=237751.pdf)]{.ul}). We will study the regulation of HIF-1α on ANGPTL4 in PTC cells in the future.

According to previous reports, important prognostic factors in PTC included tumor size, depth of invasion, metastasis of lymph node, and distant metastasis.[@CIT0034] Among the factors, tumor size was very important, which was correlated with PTC cell proliferation. PI3K-AKT signaling is activated (AKT is phosphorylated) further which activates its downstream substrate cascade reaction, thus participating in glucose transport, cell survival, cell proliferation, glycolysis, protein synthesis, and anti-apoptotic process.[@CIT0035] It was reported that down-regulated ANGPTL4 significantly inhibited glucose uptake and AKT pathway, then inhibited proliferation in 3T3-L1 cells.[@CIT0036] Previous studies suggested that ANGPTL4 preserved vascular integrity via PI3 kinase/AKT signaling. This study demonstrated that ANGPTL4 promoted the phosphorylation of AKT, and then increased PTC cell proliferation.

Our previous study found that ANGPTL2, another member of angiopoietin-like protein family, promoted and enhanced proliferation, metastasis, and invasion of thyroid cancer cells and considered as a potential biomarker for diagnosis and prognosis of thyroid cancer patients. However, carcinogenesis is not a shared characteristic among angiopoietin-like protein family members. In our unpublished data, we found ANGPTL1 inhibited proliferation, migration and invasion of thyroid cancer cells, and ANGPTL5 and ANGPTL6 were unchanged between normal and thyroid cancer. Therefore, it is specific for ANGPTL4 in the role of promoting thyroid cancer cell proliferation.

However, there are some limitations in this study. First, the small sample size might decrease the statistical power of our results. In addition, we have investigated the expression and function of ANGPTL4 in PTC cells, but further investigation is needed to uncover the mechanism of the action of ANGPTL4 on PTC patients.

Conclusion {#S0005}
==========

This study suggested that ANGPTL4 was increased in PTC compared with adjacent noncancerous tissues. ANGPTL4 level was positively correlated with the stage of PTC and PTC size. ANGPTL4 increased cell proliferation and inhibited cell cycle arrest in PTC cells via promoting AKT phosphorylation. The study will provide fundamental information as to its suitability as a target for the treatment of PTC.
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